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MOSFET switch provides efficient ac/dc conversion 

Spehro Pepkanjtf Tremn Inc TorQnta, ON^ Canada 







CCASIONALLY, YOU HAVE aCC«P tD A 

transformer for poweiing a 
dc cirCTiit, but its otttputToIt- 



age is much higher than that required for 
the dc voltage. The full-wave-rectified 
and filtered output of an ac input voltage 
V^, is V^^^= 1.41,4Vjj-2V^, where V, 
the forward drop in the rectifier (ap- 
proximately 0.7V). For example, if you 
require 12V dc to power a small cooling 
fan drawing 100 mA and the ac voltage is 
1 8V, a full-wave rectifier and filter results 
(n a 24V-dc output. Although you can 
regulate the voltage down to 12V dc by 
using a simple three-terminal regulator 
(such a )jlA7812), the result is wasted 
|Kiwer of approximately 1 ,3 W. This waste 
rrteans that yoti mnsft previde for heat re- 
moval, somewhat defeating the purpose 
of including the cooling fan. If you use a 
typical 100 X 100-mm, 12V-dc fan rated 
aJ 0.45A, the typical heat loss is approxi- 
matciy 2.5W, increasing to 5W at fall 
load. In many applications, this level of 
loss is unacceptable, so you'd have to use 
an extra transformer secondary, a dc/dc 
coDverter, or a switching regulator. The 
drciit in Hgnrt 1 uses a MOSFBT switch 
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Simple circuit disconnects load 
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Using a MOSFET cinutt, yoa an efficiently convert the too-high VQlt^e of a leftover transformer to 
ft lower dc 



and diode to effectively draw current 
from the transformer when the voltage 
is close to the desired level of 12V dc. 

Tht full-wave bridge, D^, rectifies the 
18V-ac signal. The diode, D^, and C, pro- 
vide a gate bias voltage of approximately 
24V dc. This voltage drives the gate of Q, 
through Rj, shunted by D^, which main- 
tains the gate voltage at a manmum of 
12V relative to the source, even during 
transient conditions. As the bridge-recti- 
fier output increases from OV to the peak 
of approximately 24V each half-cycle, the 
bias voltage holds the MOSFET on until 
the input voltage reaches the breakdown 
voltageof D3 {12V) plus the V,^^^^,, of Q^, 
or approximately 12.7V, At that point, 
turns on, turning off. The output fil- 
ter capacitor, dftarges tijr©t^ D,. As 

^ Stj&i&Jtt fratpUl ^Qitai^ 4!£T«33eS 



from 24 to OV, again turns off at ap- 
proximately 12.7V, allowing Q, to turn 
on and provide another pulse of current 
to charge C^. provides power for the 
load between the pulses, which occur at 
240 Hz with a 60-Hz input. Thus, power 
drain from the transformer occurs in 
short pulses, much in the manner of a 
typical brtdge'Tectifier/otitput-fTlter ar- 
rangement but at double the frequency. 
If you want to turn the fan off with a log- 
ic signal, you can add R_, and D^. When 
you apply a logic-high signal to the inputj 
conduct?, (lUrjiiiDf the MOSFET oM. 
(Di#24S4) 
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Passive circuit monitors AES data 



Wayne Sward, Bountiful, UT 



THE CIRCUIT IN Figure 1 efficiently 
monitors common digital- 
audio signals. One format for I _J 
such signals is the Audio Engineering So- 
ciety (AES) 44.1- or 48-kHz standard. 
Typically, the data consists of a serial data 
stream with a data rate of approximate- 
ly i Mbps. A lower frequency pufsc in- 
terspersed in the data stream synchro- 
nizes data frames every 16 to 20 data bits. 
The amplitude of the data and sync puls- 
es i* 3 to 1 2V p-p, with one cycle of an 
acwave representing each bit. The signals 
are on a two-wire cable that you can iso- 
late from ground by using signal trans- 
formers or capacitors. Several other data- 
transmission standards use a similar data 
format. An oscilloscope does not reliabiy 
trigger on such a waveform; thus, trou- 
bleshooting and signal tracing such sys- 
tems is difficult. The circuit in Figure 1 
is pasatve and small and uses ao power 
snpplics. You can keep k in a toolbox, 
ready for instant use. 

The two diodes and associated capac- 
itors form a voltage doubler to provide a 
bias voltage of approximately -2 to 
" 1 OV. The 2-mA lED connects between 
one of the signal lines and this bias volt- 
age. Whenever the signal-line voltage ex- 
ceeds approximately 1.5V, the LED turns 
on. At a data rate of nearly 1 MHz, the 
LED appears to contirraously gSow when 
good data is present. The LED's intensi- 
ty is proportional to the peak-to-peak 
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A passfve dmiH ^es a gdod bidieafion of data artMty on il<gMkudiQ lAies. 



voltage level, so you can easily observe 
low or high voltage levels. Intermittent 
leveJs, crosstalk, or interference on the 
signat ctuses the LED te fHcker. The LED 
circuit is differential and measures the 
voltage levels between the two signal 
lines. Common-mode ground noise or 
hum do not affect the LED's display. The 
voltage dotibler is an efficient way to in- 
crease the sensitivity of the LH^ wj^iout 
an additional power supply. 

The two coupling capacitors sample 
the high-frequency data waveform but 
reject any low-freqaency common-mode 
noise or hum. You can display the data 
waveform on an oscilloscope to more 



closely inspect the wave shape. The 15- 
kft resistor and 100-pF capacitor form a 
simple but effective filter to detect the 
sync bh in the data stream. You fetd this 
sync bit to the external sync input of the 
oscilloscope, resulting in a stable display 
of the data frame. The coupling capaci- 
tors avoid creating a ground loop be- 
tween the signal lines and th* grounfied, 
shielded input of the oscilloscope. You 
can readily monitor data amplitude, 
waveshape, and activity of individual biJS 
with the oscilloscope. (DI #2482) 
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multiplexes DIP switches to I/O port 



Gregory Willson, ACS Defense Inc, Warrenton, VA 



AT TIMES, A |jlC must read a large 
number of DIP switches, such as for 
system identification, bus-address 
setup, manual configuration, or other 
purposes. However, the available number 
of I/O lines is sometimes not enough to 



assign a switch to each one. You can use 
multiplexer ICs to share one I/O port 
with multiple switches, but they compli- 
cate the circuit, dissipate additional pow- 
er, and consume precious board real es- 
tate. Figure 1 shows a method of multi- 



plexing 32 DIP switches using only 12 I/O 
pins and eight puUup resistors. Four 8-bit 
DIP switches connect in parallel to a sin- 
gle 8-bit 1/0 port. A puUtip resistor on 
each port pin defaults the input to a high 
state; a switch closure pulls the input to 



ideas 



i-c 1 



c 



oj ij 2) 3) j sj sj 7] oj ,j |) 3) 4I sj el 7j o j i j aj 4I s j ej j oj i j 2I 4] sj ej 7J 



if) 



r 



RAO 
RAl 
RA2 
HAS 



Vdd 
V« 



■SWITCH JNPUt (7 TQ 0> 



ICi 
PIC16C63 



RBI 
Rg2 
RB3 
RB4 

RBS 
RB6 

■a? 



25 



2i. 



I Ri TO Rs 
V 4.7k 



A/' 

Ay" 



Uim wtiy 1/0 iAk, a t<£ can 32 DIP 

a low state. The key to multiplexing the 
DIP switches is to ground each set of 
eight switches in turn using output pins 
from a second I/O port. 

To deselect a set of switches, the con- 
trolling-port pin acts as an input, ren- 
dering it a high-impedance port. In this 
way, 12 I/O pins can read 32 switches, 
and 16 I/O pins can read 64 switches. Se- 
lect the values of the puUup resistors to 
limit the total current into the control- 
ling-port pin to less than the nnaximum 
sink current. Some pi,Cs, such as the Mi- 
crochip PIC16C6X family, provide the 
ability to enable weak internal pullups 
on I/O port pins. By using this feature, 
you can eliminate the eight external pull- 
up resistors. The code fragment in List- 
ing 1 illustrates reading the four 8-bit 
DIP switches and storing the results, us- 
ing a Microchip PIC16C63 |jlC. You can 
download Listing 1 from EDM's Web 
sire, www.ednmag.com. Click on "Search 
Databases" and then enter the Software 
Design Center to download the file for 
I>es%a Idea mm^. (DI #2413.) 
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.'Miorocontroller Multiplaxes Multiple DIP SwitdbMI W MmI^ t^lfmrH, 
Author; Qr^gq Hillson, ACS Defense, Inc. 

; Define constants 

list p-16e63 
tinolude »c:\ii{>asiii\pl«e63.1n0* 

;Define lUUd storaga iocations for BIW SH^teh v%iji«s 
HdFO aqu h'20' 
TMFl aqu h'Zl' 
■aSS aqo h'2fi' 



;Main Houtina 
itead_32_DIP_Switche« 

oall Initialize Ports 



a»r],H b' 11111110' 

Sail Baacl_DIP_Sw 

movwf TUBO 

raovlw b' 11111101 ■ 

oall Sead_DIP_SvJ 

movwf TKBl 

movlw b' 11111011' 



; Setup ports for multiplaxing 



;Set r^ady to iBa%a tnox^ A, IStt^ aa oBtcnat 
/Read the first tap switsh 
;Sava in tenporary register 

;(9et ready to make port A, bdt I an o^l^ift 
;Read the second DIP switch 
;Sava it 

;Gat ready to make port A, bit 2 aiS ■S^«0m 
call Bead_DIP_3vr ;Read the third DIP switch 
movwf /Save it 

movlw b'llllOlll' ;6«t ready to make port A, bit 3 an OTJtput 
call Raad^DIP__Sw ;Read the fourth DIP switch 
Mvwf SflSi ~ rVavw it 
return 

; DO»G 

; Subroutines 
Initialize^Porta 

bof ~ STATUS, RPO 

movlw b' 00000000' 

movwf PORTA 

bs£ STATUS, RPO 

movlw b' 11111111' 
l*svi>£ RIS£ 
movwf TR3SA 
bts£ OPSIOWJOSS, 
returft 



to ground switches 



/Select register Bank 
/■Default port A outputs to 

/Select register Bank 1 
/Make port B ail inputs 



/Make port A all iAputs initl^J.y 



Baad_piP_Sw 

/Enable DIP Switch based on W register value 

bsf STATUS, RPO /Select register Bank 1 
movwf TRISA /DIP switch is now selected 

/Read the data 

bcf STATUS, RPO /Select register Bank 

QoVC Pl^aa., w /Put swltab vklna as It teotglBer 

return 



jdesign 



ideas 



Switched-capacitor IC controls feedback loop 

Dave Sargent, IBM Research, San Jose, CA 



You CAN IMPLEMENT 3 Simple control 
loop with a constant setpoint over a 
wide range of control by using a 
swltehed-capacitor filter. The circuit con- 
trols motor speed over 1 to 200 Hz or 60 
to 12,000 rpm. In Figure 1, a National 
LMF40CIVVM four-pole lowpass filter is 
the heart of the design. This filter has a 
cntoff frequency defined by the dock di- 
vided by 50. Consider this filter as a dif- 
ference amplifier that compares the dif- 
ference between two frequencies. The 
relationship between the clock divided by 
50 and ehe 550-coLmt encoder divided by 
2 is such that when the clock rate is 1000 
times the revolutions per second of the 
motor, the signal frequency from the en- 
coder is at approximately the midpoint of 
filter fftSponae. Th.is midpoint u the 



point of zero error and is approximately 
2V p-p. The rectified output serves as the 
dc setpoint voltage for the control loop. 
If the motor speed increases, the voltage 
decreases, and if the motor slows down, 
the voltage increases. As simple as the 
method is, it can drive a motor-control 
chip and provide good speed regulation. 

YoH can ase the method to control oth- 
er servo loops that provide a feedback fre- 
quency within the range of the filter. The 
big advantage of this scheme is that the 
setpoint remains constant with a range of 
speed settings. Another advantage is that 
the clock provides direct speed calibra- 
tion thanks to the 1000-to-l relationship 
between the clock and the rotational 
speed of the motor. Figure 2 shows some 
circTiit detaiJj foreniiajiced operation. To 



cover the higher speed range, you need an 
additional divide by 10 to stay within the 
frequency range of the filter. An example 
is given for 6- and 6D*Hz rotational 
speeds. Conventional op-amp circuits 
buffer and rectify the output of the filter. 
The application uses one of many full- 
wave op-amp-rectifier circuits that follow 
a buffer with a gain of 2. After rectifica- 
tion, the 75-kri resistors and O.l-fxF ca- 
pacitor provide some filtering and time- 
constant conditioning. You set the gain of 
op amp 1 so its output dc voltage is 2,5V 
at the operating point. Op amp 2 offsets 
this voltage and moves the operating 
point to OV when no speed error is pres- 
ent. The offset-adjust trimmer allows for 
minor variations and calibrates the actu- 
al rcrtttktoal sj^eed to the deck sigml Qp 
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amp 3 provides gain for the proportion- 
al signal. 

You can use a fixed resistor in place of 
the 200- kfl trimmer. Op amp 4 is an in- 
tegrator circuit that provides the classical 
integral control for the loop. The inte- 
grator makes up for errors in the follow- 
ing control circuits and motor charac- 
teristics throughout the control range. 
The iate^rator comtrel-pomt output 



speed settings. Buffer op amp 5 sums the 
proportional and integral signals at its 
input. A clamp diode limits the positive 
drive voltage and prevents any negative 
excursions from driving the loop to a 
latch-up condition. In an application, the 
clamping limits the output to 4.3A, be- 
cause the motor-control circuit has a 
drive characteristic of 1 A per volt. When 
fhe nftator stops, the FET stop switch 
ckfflps the smtrol s^nal to att©. hMs- 



tional circuits control acceleration rate, 
braking rate, and direction. The speed ac- 
curacy for the system is a nominal 
0.002% throughout the range. The speed 
clock comes froaa a DDS chip, and all the 
above functions are under control of a 
PC or front-panel switch settings. (DI 
#2486) 
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Simple circuit disconnects load 

Larry Suppan, Maxim Integrated Products, Sunnyvale, CA 



PLACING A LOAD-disconnect circuit 
on the output of a boot- i 
strapped step-up regulator al- I 

bws th? regulator to start with load cur- 
rents much higher than would otherwise 
be possible (Figure 1), During shut- 
down, the disconnect completely isolates 
the battery from the load. The circuit 
boosts a single NiMH-cell output to 3.3V 
and delivers output currents to 600 mA. 
Step-up regulators are excellent for 
portable applications because they ex- 
hibit high efficiency, low supply current 
(ll^^iA editing, W \xA in shutdown) , 
iifflfde cwreiM mice started. Many, 
however, cannot start with maximum 
load from low supply voltages, such as 
those from single-ceil batteries. This 
problem arises because most low- voltage 
CMOS boost regulators derive power 
from their own outputs, which equal V^^ 
minus a diode drop at start-up. Low val- 
ues of input voltage don't allow the 
•wftehirtg twtaRffeesr'+cJ become &%■ en- 
hanced at start-up, so the transistor pres- 
ents a high impedance that limits the 
peak inductor current. As a result, the cir- 
cuit cannot produce enough current to 
airmiItaneoa$ly supply the load md 
dutye th£ cutset ak^'dtnt 



Figure 1 




0, rmi p 
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miff Lists (WDiewF mm-m^ii^ w»h8. 

The adSdHton of a couple of transistors enables a switching regulator to start with full load and low 
input voftago^ 



To get around this problem and ensure 
reliable start-ups, most n^ulator ICg iiv- 



corporate an undervoltage lockout 
iVVlQ). tCj, for examjik, is a sjfBchitJh 
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nous boost converter whose boot- 
strapped operation cannot start untp its 
outpot voltage exceeds the i^Witaf 
UVLO threshold of 2.3V. You can over- 
come this start-up limitation with an ex- 
ternal power MOSFET, Q,, operating as 
a load-disconnect switch, and by using 
the powCT-OK (POK) comparator built 
into many low-voltage switching regula- 
tors. R, and R, set the POK threshold at 
2.5V, allowing V^^ to rise above the UVLO 
threshold. Q inverts the POK output be- 



fore driving Q^. Q, disconnects the load, 
allowing V^^^j^ to rise to a level (above 
riittt ensiiir#M ©Rhtucemtel Off 
Qi when it turns on. As a result, the cir- 
cuit can start under full load with input 
voltages as low as 0.8V (Figure 2a). Be- 
cause the circuit takes the regulator feed- 
back before this switch, the MOSFET you 
choose for a given application depends 
on the load current and minimum ac- 
ceptable level of load regulation. The 
MOSFET shown is a low-threshold de- 



vice. Connecting the FB terminal (Pin 2) 
to ground and removing Rj and R^ pro- 
dwes a f¥ related output, whose per- 
formance is similar to that of th* 3.5V 
version (Figure 2b). (DI #2487) 
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Follow the debouncing flip-flops 

Ray Scott and John Stanley, Airport Systems International, Overland Park, KS 



DURING A RECENT development ef- 
fort, we could not find literature de- 
tailing how to debounce an spst mo- 
mentary switch using only logjc (no 
capacitors, Scbmift trrggcfs, or otfter 
components). Our application placed the 
spst switches several feet from the logic 
board, and both noisy switches and line 
transients caused false triggers. Many 
methods simtilate a debounce by check- 
ing the state of the switch on clock edges 
and summing the checks over time, but 
our application required no transitions 
during the qualification time before ac- 
knowiedgment of a key 
press. Thus, the switches 
can work effective- 
ly in noisy environ- Figure I 
ments over reasonably 
long distant**. Pigure 1 il- 
lustrates a means of de- 
bouncing a momentary 
switch for both the make 
and the break operations. 
iDesigners often use pro- 
grammable logic to de- 
bounce momentary switch- 
es ussd in keypads, in key- 
boards, or as configuration 
lEpHitA R^--fl»p« ire usu- 
ally precious commodities 
in programmable logic, 
whereas logic gates are 
available in greater abun- 



dance. The design in Figure I fflifiteskes 
the use of flip-flops. 

The circuitry monitors the state of the 
Switch input. Once the circuit detects a 
tnmsition, a "qualifying" time of two De- 
bounce_Clock periods begins. If at any 
time during the quahfying time the 
Switch input returns to its original state, 
indicating switch bounce or an electrical 
transient, the circuitry returns to its start- 
ing state and begins looking for another 
transition. The Switch input must be 
completely stable for two positive tran- 
sitions of the Debounce_ClQck input be- 



fore the Switch_Debounced output will 
change. A frequency of approximately 1 5 
Hz (or a period of 66 msec) for the De- 
bounce_Clock input works well, even for 
iow-cost,*ftoisy''gwitdw*.lfeu ran delete 
the reset logic if you are unconcerned 
with the power-on state of the 
Switch_Debounced output. Following 
power-on, the output will be correct af- 
ter two cbek periods, (£)I -#241 1 ) 
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A debouncing circuit using programmable logic makes frugal use of flip-flop. 
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Inductorless converter provides high efficiency 

Sam Nork Linear Technology Corp^ MUpitd^ CA 



Two COMMON METHODS exist for gen- 
erating a regulated dc output voltage 
that is lower than the input voltage. 
The first approach is to use a low- 
dropoat (LDO) regulator. LDO regula- 
tors are small, easy to use, and in- 
expensive, but all the output 
current must also flow through the input; 
hence, they exhibit low efficiency. The 
second approach is to use an inductor 
based switching regulator. Inductor 
based switchers can be efficient, 
but they tend to be more complex, ^ 
costly, and area-consuming than their 
LDO-regulator counterparts. A third op- 
tion retains the simplicity and size of an 
LDO regulator but enjoys the high effi- 
ciency usually reserved for inductor- 
based circuits. The circuit in Figure 1 uses 
switched-capacitor techniques to achieve 
high-efficiency step-dowa convmion 
without an inductor. 

The circuit produces a regulated 2V 
output with as much as 100 mA of load- 
current capability. IC,, an UCI503-2, hats 
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Switched-capacitor conversion yields higher efficiepcy 
tt^lDfO FefLilators. 



an input range of 2.4 to 5V, 
nA allowing the IC to take pow- 
er from either a single Li- 
ion cell or a three-cell 
NiMH battery. IC^ uses 
fractional-conversion tech- 
niques to achieve efficien- 
cies typically more than 
25% higher than that of an 
tf)0 rcguiator (Figure 2). 
Internal control circuitry ensures 
that the device operates with the 
optimal step-down ratio as the 
input voltage and load conditions 
vary. Yeu nted only four small ce- 
ramic capacitors to make a com- 
plete step-down supply. Quies- 
cent current of 25 (jlA typical and 
the small MSOP-8 package make 
the circuit ideal forli»dl}.cW de- 
vices. (Di#3485) 
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3.S"x2.5' 

C'pfogrummaWe 
fast dock to 22MHz 
6 timers & watchdog 



Rabbit 

EATURE-MCKEO CONTSOttElt 



Gain high-performance control 
at minimal cost with Z-WorW's 
JackRabbit™. This compact, 
single-board computer is 
loaded witli features, Z-Wofld's 
user-friendly Dynamic development 
system provides hardware and software 
integration — reducing your program- 
ming efforts and costs. 

■ 40+ I/O include digital I/O, 
RS-2^2/48S $enat ports, 
A/.0 & D/A converfurs and 
high-voltage outputs 
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Order online @ 

www.zworld.com 

or call toll free 

888.362.3387 
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« 
• 

• 



EIA-232 or EIA422 interface 

240x1 28 or 320x240 lighted graphics LCD 

NEMA-* rating, CE Certified 



and 

Display text & graphics over low-bandwidth Ws 

Touch screen with perimeter legend pennits 
"keys" around the display 

Full-color customization of key and 
logo legend available 
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Web www.qgcoro.coin'edn • EraaiLi'ijMgsicQip.com 
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